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TIND-TUXREL TESTS OF AIR INLET A¥D OUTLET

OPENINGS ON A STREAMLINE BODY

"By John V. RBecker
SUMMARY

In connection with the Zeneral probvlem of cowling and
cooiing an aircraft vower plant located within a fuselage,
teate were made in the WACA 8~foot high~snesed =ini %unnel
to determire “he effect on external drag end on the pres-—
cure distribution of eir inlet opnnirgs located at ths -
stasnatlion pcint of & s*rcamlize body. Air outlet omenings
located at the tail and it the 2l-morcont end 67-marcen’
statlors of tar Todr rere rlsos invaostizatod. Boundary-
layor traraition xenstresents weoero nrde and correlated
with the Zarsz end the mregsure data. Individuaal operings
were tested witl tYe all of a Hioweo:r end then practicsble
comulnetione of 1alet mad outlot opuninzy wero tested.
Varioue wodificgtions to the interaal duct rhane noar the
inlet cpenirg end tae aerodynamic ofects of o gun.in tae
duct vwoere piso studiac.

The rcsultc sinced thiet the exserna’. draz (measured
drag Less compiited drcz Adue ts irtermel Juzt losses) of the
bcdy with evitavly derigued nosr-iniet aad tall-ouilet
openingg over a 11ds ranie of rotes of internal alr flow
was no higher than the dras of Lhe streamlire doly. The
static—prezsure diatritution wiir tho veet of such condpl-
natione was almost identical witk taat of +ke ccrrespond-
ing nortion of the streamiine voéy., &8 a conseguenca, tho
same fevoratrle bouniarv-larar flow conditiors as on thse
etreamline vody ners obtalned. The local veclozcity isncre-
rentda &t the noces wore so low that the critical spoed of
e. fusolage oemployring thess chavor would domerd on thz peak-~
velocity incremonts occurring elsewhere thaon on the noese

The results of the tosts sugnested thst outlot onen-~
inges should be desiznod so that the atr.tlc pProssire of the
internal flow a% tiae outlet would be the game as thoe stat-
le¢c prossuro cf *he oxtcrnal flow in the vicinitr of tae
orening, 2Andical changes in the internel-duct arransement
near tke inlet openingg had littio efrect on tke cxtermal
drag or pressure distridbutiorn.




INTRODUSTION

For the vuryxosoe of analysic, the dras cost of a pownr-
plant ianstallation ir a fusolago mar te corsidered in two
loglcellyr roparrte narts: tho iptorral Ares due to tho
coolln® arnd duct lossges, and tkhe extercal-aras incrarenss
reculting from depariure from good basic aerolrnamlec shares
end from %the afdltior of cocwlings, lcuversz, sccops, arnd
the 1ike.

Tests 0f modern purstlit airrlazes in tae Tull--scale
wind tunael have ghowr larze oxternal losses for currerd
pover-rvlent instellzstions. The exiserral drasg ol 3Jood
WACA cowllng inetalletions wiiz ro wnroirufinrg ccoold3 cr zUr.
face Irrsgularities vwes akcwa In rafereice 1 to T8 cecneid-
erabie., 4t hizk speefs, mrclai’ iva lnegrescez In Yoo ox-—
ternal drag mar- oc2ur a3 L T2 0f tzz2 Toraetion of ta=
comurecrsimili’ T bur»ie on cow “ogscs (refercnce 2) or
protrud 7 2CO0DZ.

fThe Zrternel 4Azec Tgr- cnirlzéd racic:i enili=esg hzas Teen
found %o be szall {a%crt & parzent of thr Lirolinne ireg)
in The kBijgh-~sdecd F_ight conditic:, nrovided thet thc exit-
slot glze I¢ adivataile %0 Limi®s Sn3 irntsrnal Tlow tc¢ tze
minipum regulrod (rsference Z;., Tas low 4xnternel éres Tas
a ﬂonsequence ¢f tan o~ entrarce and diact vriocliies ag-
goclated itk tre FACA coviing ratz-r t22n of jecod Zxzterzzl
duet deslan. 4L prinsional coneluszion of %oz inrtrstlszesion
of referarce 4 18 itnet tl:o inﬁe*tal ¢raz of a Zvectodi radi-
ator system will be small £ & ducts are daziirad vith
duvo rezgerd for tro Hegle in*rrnal—flow »rizncinleos. In o=
erel, the internsl-flow srstem cffors nos ccrioug ceorocdy-—
nanic provdlema nlthovsh iargo improveormcxic Pr9 Tessidle In
many of the arrargenents now iz tvse. £ cornsiierables vol-
une of »nudilsiaed dats on Guret Legizn 1s aveiladie.

Lerge reductionn in the exzte-ral dras cost of Dresent
inztallasions sugzest thc use <Ff izproved “usolaszxe -hades
of thc gunllest slze cr  rcbted area zezeitls. Iz oingle-~

engine purrulit~trpe irstellsticone $aie vroceduare will usu-
ally irvolve loceting the rower plert raar tia mexiran
section of the fuse;age. In gdditior.,, thae runercus inefii-
cient severats irlet gnd outles omenings shculd e siimi-
nat2d and revlaced HDr a ~ingle mell Cesizned irlet cpcning
located at ths stasgnztion 7clant ead a singie efficlext cat—
let openinrg vproTtatly vlacoé near taec tall. Alr in Sho main
duct would be directcd to *he varlious radiators end te Sho



carburetor alr intake by a number of separate internal
ducte. The central location of-ithe .power plant is well
adapted to installationes employing a single pusher propel=-.
ler at the tail or twin propellers on the wing drlven
through extension shafts,

At the outaet of the present investigation little in-
formation was available in regard& to the characteristlics of
inlet openings near the nose of a streamline bodv., Previ-
ous tests had usually been made without air flow into the
openings, a condition never occurring in practice, and the
resultes were therefore inconclusive. Little pressure-~
distribution or critical-speed data were available, and it
was not known whether any appreciable lamlnar boundary layer
could exist behind the inlet opening. The present inves-—~
tigatlone were thus made primarily to deal with an alrplane
arraengement wlth e tall nropeller where some galn through
low-drag laminar boundery layers would not be precluded by
the disturbance due to & propeller at the nose,

The »rincipal purvose of this investigation was to
determine the effect of carefully develored nose-inlet
openings on the externnl drag and or the eritical compres—
sibllity speed of a streamline body of revolution for a
wide range of rates of alr inlet. Pressure-distridution
and boundary-layer data were obtaincd to 2id in interpret-
1ng tae drag results and to pormit the estimation of tae
critica; speods. Typicel ennular nand tall-outlet openings
were slmilarly invostigated. In order to avold vosslble
confusing intorforence offccts, the inlet and the outlot
orenings wore tested separately, with the internal air flow
being supnlied through wing ducts from a bdlower located
outslide of the wind tunnel, Representative combinations of
the inlet and outlet opvenings were then tested without the
use of the blower. The effects on external drag of a pro-
truding qun in the inlet opening and of various internal=-
duct arrangements near the nose were also included in the
investigation of the individual inlet openings.

The external drag cost of an inlet opening at the nose
of a emooth streamline body is genorally greater at low
Reynolds numbers, whoen the opening may disturd oxtensive
low~-drag laminar boundary layers, than at high-speed flight
Roynolds numbere, where tie boundary-layer flow may bo al-~
most wholly turbulent, Although 1t was impossidle to at-
tain full-scale conditions in this investigation, the
boundary-layer flow condition correspondinz to high Reynolds
numbers was simulated br artificially forcing transition to




take place near thr nose of the models. The tests were
made both with the natural-transition and the fixed-
transltion boundary~layer conditions. The results thus
show the effect of the openingse at condlitions correspond-
ing to extremes of the Reynolds number range.

APPARATUS AND KETHODS

The tests were made in the NACA 8-+-foot high-spesd
wind tunnel, The tunnel is of the closed-throat, circular-
gection, single-~return type and is capable of alr speeds
of over 500 miles per hour. This tunnel was chosen for
the investlgation principally vecause of the low turdu-
lence of the alr siream, which permits the boundarv-layer
flow conditlons more rearly to anproach those obtained in
free alr than in streams of high turbulence. Host of the
teste were run at low speed (140 miles per hour}.

Streemline bedy.- The streamline body (fig. 1, table
I) is & 8lightly rmodlfied version of fuselaze form Ho. 111
of reference 5. he thieclmess dlstribution was modified
slightly to eliminate ths unfavorable pressure Iradlent
occurring ahead of the $0-parcent statlon of the original
111 form. This modification wes made to encourage a more
exterslve larinar boundary laver. The finezness ratio of

5 is representative of several current pursuit-type fuselage

The streamline body was mounted in the wiad turnel on
a 24-inch~chord airfoll of NACA 27-212 gection, which com-
Plotely spanned the jet (fig. 2). The wing contained two
large ducts to permit air to boe suvplied to or drawn from
the openirgs on the body. The ratio of wing chord at the
body to the length of the body is within the range of cur—~
rent practice.

Inlet openinzg.— Nose-inlet ooenings of three sizes
were tested (figs. 1 and 3; ordinates in table I). The
largest ovening, nose A, was approximetely the size, rel=-
atlve to the maximum cross section of the body, of average
NACA cowling inlet ovenings. Nose B had one—-half the area
of nose A, and nose C, one-quarter the area of nose A. The
Profile gshapes of the noses were developed in a series of
_teste (not discussed In detail in this report) in which

the nose lengthe and profiles were progressively modified
until the most satisfactory pressure-distridbution charac-—
teristics me;q,obfained. The profilos all fall within the
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_ _profile of the streamline body. It will be noticed that

the" nose gqrdinates’ (tdble~I) are ziven only to the quarterw
length station, Berond this polint, streamline~body ordi-
nates apyly. Several modifications of the straight duct .
(fig. 1) that was used in most of the nose-inlet tests

wlll Pe descrived later in the discusslon of the results.

Qutlet openings.~ Outlet openings at the tail and an-
nular outlets located anead of and behind the wing were
investizeted (figs. 1, 4, and 5). The tail-outlet profiles
colncide with the streamline bHody lines. Verlous tell-
outlet areas were obtained oy successlvely dacreasing the
length of the body. The interral duct was of conversging
sectlon to represent typical practice in the desliyn of
outlet openinea,

The anrular outlet openings were desisned primarily
vo exhaust the air as nearly as possidle in the streem
directlon. The areas wore selectsd from consideration of
the quantity of air reguired by = radial ern3ine large
enough to occupy *he maximum section of a fuseleze.

It skould be ncted that the outlet openings are not
in eny sense optimunz shaves arrived at on the vasls of ex-
Derlment as in the case of the inlet onerings. Thev are
merely tvpical of curreat dezisn prectice.

Blower geit-un.~ Air flow in the tests of the irdivid-
ual cpenings was supplisd b7 a El-norsepower centrifugal
bPlower mounted outcide *he wirnd tunrel oz the floor of tae
test chamber (figs. 6 and 7). Freedom of the floating
balence structure was maintained dr a mercury seal that
concected the blower duct to the wing duct leadling to the
model. Tke eir fiow through the morcury ceal was at right
angles to the longitudinal {drag) axis of the wind turnel
so that the flow had no momentum in the drag direction.

- Preliminary tests were made througshout the rarnge of bdlower

espeeds at zeroc air speed in the tunnel, with and without
alr inlet, to determine whether tae pressures and flow at

,the mercury seal had aay effect on the drag scale readings,

The flow was retered bv a venturl installdd on the
balance ring bvetwsen the rercury sesl and the model. Sev-
eral callibrations were rade with the venturl in its oper-
ating posltion by surveying the flow in the duct with a
rake of 25 total-head and saven sgtatic %ubes.

The flow in the srstem was controlled éither by regu-—
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lating the blower speed or by adjJusting a butterfly valve.
THe zerd flow condition was odvtained by closing a special
airtight valve located near the end of the wing duct, TUt-
most care was taken to prevent leakage in the's?stem.

e e et e s e S et g et e e e e

end tne internal-duct arrangement are shown in figure 1.
The wirng-duct ovenings within the body were falred over
and sealed to prevent leankage. Fiow regulation was accom—~
Plished by means of perforated plates of various conduct-
cnce installed as shown in fisure 2. Static-pressure ori-
fices woere installad at two stations 1ln the converging
soection of the duct ahead of the outlet openings. The flow
quantity was determined from the magnitude of the pressure
drop between these stetions sccording to a calibration od~-
tained during the tests of the individual outlet openings
with the blower-venturi set-up. The total opressure and
the statlc pressure at the outlet were determined from
this same calibration. In soveral cases, as a check on
the callbration, the gquantities werc mcaesurced directly by
means of a small nritot-static tube mounted in the outlet
opening,

No particular attempt was made to design an efficlient
internal-duct system hecause interest was centercd on the
external drag ord vecauso the blower was more than adcquate
to overcono large intornal losses. Howoever, in the combl-
nation tests with the duct oven, that is, with no resist-—
ancoe vlates insorted to restriet +theo flow, the intermnal
losses were proctically negligible owing to the low duct
velocities. )

Hethod of fixing boundery-laver transition.,— Transi-
tion in the tests designated "with fixed transition™ was
fixed ertificialily oy neans of a 1/4-inch wide ring of No.
180 carborurdum Zrains glued to the surface at the desired
station. It wes found recessarr to filx trensition on the
wing at the 10~percent statiorn by the same method in order
to make the drag of the wing constant sc that the effoc-
tlve drag of thc hodr could be obtainecd accurately.

Except for the strips of carborundum, the surfaces of
the model were made aorodynamicelly smooth, taat is, fur-
ther conditloning would rosult in no decreass in draz,

Static-presgure measurcment.- Flusz orificoes, closely
spacod near tiae noee aArd in ikhe. vicinity of tho openings,
weore installed alonz the top of the body. Additional stat-
lc pressures on the bottom and on tha side of the stroanm-




line body were obtaired by means of a small movable static
tube, The pressure tubing was led throuzh a chanrel ir
the wing to a rulitiple-itulbé¢ &lcohol manometer in the test
chamter.

Eoundarv-layer meazurements.—~ The measuremeat of the
boundary-layer profiles used in determining the transi-
tion point and in showinsg the effect on skin friction of
alr inlet was mede with small svrvey unlits comprised of a
sinfsle sitatlc and four total-head tntes. A discusslion of
the details of the rmethod of determining the location of
transitlon and & description of the small survey unit are
Zivern in refarecnce 8.

Yaza gurvers.— Ir order %o ascertain wkhether the drag-
force meastrra:certs were affected Dy posslible varilations in
the wird-tunnasl pressure -reiliont dve to air Inlet at the
nose, rwomertumn—-lcsd neasnremerts weire nade In tke walte he-
hind tke 7.088l wita ncse B. TV-rtical totel-homnd loss pro-
fileg wore obdtairnsed at 25 epanwise statlone Hehind *he
winzs end vody &% sevarel rates of alr ialot. The effec~—
tlvo drag cf She tod: was ottained hr sudbtracting from the
totul dreg of the section svrvorsd, tks drcg of a corre-
sponding section of trs wirg,

TEET3

The dAi:g ard the prossure—-distritution meacuronrnts
were redeo sfmultcmeourly. The trengiilon detoruirations
requircd a eonarcte seriss of rrrne Ifor eazh conrigurction.

Teets of the wing alone ani of the wing with the
streanilne body were cerried to 450 niies per nour. Che
tests of tiie opoenings wers mado st one sjecd only, 140
miles per ahcur. This gpreed wes selected frcm conslcere-—
tions c¢f the avallable blower perfornarce ard of the mag-
nitude of tke drasz forces required for adegqvate precision.

e
i

The tosts were nade at an argls of attack of 00 (re-—
ferred to the ax*s o0° the stream’ine body) witn the sxcep-
tlon of the ruane witn thte sun in the inlet ovening of nose
B, walch were carried to 3.5°€.

The woke surveys vere nado only with nose 3.
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STMBOLS

freo—~strenom velocity

free~3tream statlc preosgsure
free—=stream denslty

fres—-stream dyvnamlc vrecssure (% Pg Va)
reen Teloclty 1ia cduct

loecal static Drengure

doengltyr 1a cdvct

Initial velocltr ¢f oir cascing throuch dust

zrposhetical fiasrl velccit
duct bsscd cn $otal Dres

? nir maseing tkrousgs
e at diacharge

ercsd—~s2cticral area ¥ iriet or outlet omexing

Alameter oF inlel or outlot onsning

-8

naxlaun diametor of streamline “ol;

maxirvm cross—gectionzal srea cof sitreamliix

iongth. of s*reanlire wciy

dlstance between ernd of sirezmline
of ncee

daxlimum radius o0f strecmliae todldr
fuselante Re—-nolds rumdber (7IL/v)
kinenntic viscosistw

Aroessure zocfficicn

(%]
r-1
o~
3
1
1.
o
L g
~N
a2
o]

7olum2 ¢f Ticw ithreuzh Arsi, cudic fe-t
second

~ecdr

to4ar and ond

per



@ an3le of attack referred to conter line of sireocamline
body, degreos

T T I | -

CD oexternal—-drag coefficlent

(Measured drag of model)-(drag of wing alcnme)-({dreg due to internal flow)
g X

cDFi calcunlated drag coofficioent dno to intornal alr flow

U veoloclty just ovtside the Loundary layer
u velocityr iIn the boundarr layer

* distrnece from tLhe nose of the streanline bhody, along
major axls

x! distarce from the nore of the irlet openalngs, along
major axis

X length of nose mensured from IL/4 station
7 ordinate moasured from conter line of sgitreemline
bodr
¥! rose-profile orfinato momrcured fron theo inlet-orening

radius

7 wvalue of y' =at the I/4 station
23ISTLIS

The method of computireg the veioclty, the lach aumbdber,
and the Rsyrolis number in the 8=foot high-gpeed tunnel 1is
descrlbed in refereace 7.

The drag dota are presented in terms of the external-
dra3 coefficient GDF plotted as a frnctlon of the ZInter-

nal-flow quantity coefficient pQ/p0 FV. -The externsl-

drag coefficlent represents the effective externel drag of
the body in the presence of tae wing; the drag due to the
infernal flow was deducted from the measured effective
body édrag in all the tests.
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The drag due to ths internal flow arisesg from the
change in the momeantum of the flow in the drag direction.
From the momentum theory,

Dra3 force = mass ficw X (Vi - V)

where Vs and V, ars talien et the same statlc preasurs
and in the same direction as the 2ir stroar.

For the irlet—-opening testa,

V-

i = Y, =ard Vw =0

becatee tre air was trought 3o rest ln +he dras direction.
The drag—~coefficient increcent éue %o tam interral Tlow
therefore 1is

n (

. _
Ori q, =

'.h
]
[
]
(%]

ror vrhe outlet-opening teste, the =%
the outlets had no Znitlal veloclity in 1=
tzat is=, Vy = 0. The velocitr &t “he ex

g

vag pecessarily rieagured raere ko static rressvre D,

was jenernlly Aiffercrli from %L siream shetlic pressure.

Tharefcre tke Tinal outlot velocit,r ettaincéd ot rfons diz~
tance vehird the model =waere ke w»rescuro hed refturned to
the froe—~atream static nrecsaure ¥, was cerpated vy Ler-

noulll's %theoron

n
a dra, direction,
i »ering vy

1 -~
- ely 3 O Vg>
_ ; g VMg Zry
‘v T n..TC + ‘OC
and
0 ¢ ?lx -» ) L/a
Cy... (outlot) = - — 'vgo t __mEE__“Q_
71 Yot - 9
or - a 1/z2
. b - ) S ']
c (o-a_*'l t) ~ . —.E)_.l ; ' ro\ 3 —:..__ —J
Dns v=€ - -r'/ ! \"'
g o " b

For tZe tepts 2rn which ialet—-outlet combiznationsc wero
irvecstizast

angtal tarough
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Oy {combination) = cDFi (inlet) + Opp, (ocutlet)

whance

/v \B ( ) 1121
Ve Pe ~ Po 4
Cp 1 (combiration) =2 5. FV 1 \V

dq “J

or, in terms of the mean tctal~pressure loes in the duct,
AR,

PR q
¢ biration) = 2 \—— '1 -l - =
Dpy (combiration) o/ | . . ) }

It wviil Yo observod from “hese equations that the
largze interrnal draz ir tme inlet tests aud the thrust in
the outle% tests ar> wal-aced ir the combvination tests,
fo taat only a relaiti-el~ small internal irag due to total-
preassntre lossoes in the dact ocrurs.

The interanal flov quartity coefficisnt 0Q/P,FV is

the retlo of tze rasg flow through the indernal ducts to
the mess flow a% eirosar wvnoliocl%y through tre area , the
mexlnum ervrs—~sucilounpl ares o0 the body. The slgnificance
of thin parcrmeiler may become more clear if the densitlos
sre ancumad equal, in which case PYU/PLFV = vp/V: taat is,

tke marameciecr ig avornximately agral to thc ratio of the
mean vcloelty Shrovgn tke naximum section to the stroam
veloclty. If, ng kas heen provoscd, the maxzimum secilon

F werse oc~unled ty 2 radial engine, then a deflirzite wvalue
of vF/V beged or the knowr alr requlrcmonts of the on-

2ine can be comnuted for thoe desisfgn speed of the airnlane.
The characteristics of the various overinsgas tested are
shown for wvaluesg of pq/poFV ranging from O +to consider-

ably boyond the values required for modern radlal eniines
at present-day hisk spereds,

The precsure—-distritution resvlts obtalned in the
tests of the 1niividual inlect and outlet ov»enings are pre-—
sented for a number of valuos of the ratio of mearn veloc-—
i1ty in tke ovening to stream veloclity v/V. This vpersmeter
determinos the local anfle of attock at the irlet rose 1lip
and hence governs the nmressure dlatribution over = fiver
nose shape.

Tho caharsctoristics of the stroamline body are siown
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in figures 8 to 11. Low-apcoed nressure-distrioution data
ara given ir figure 8, and the variation with ilech anurdor
of the penk pressuros (Pmaz) cn top of the bedy for tho

wing~%0d4x comdbination is presonted in fisgure 9 with cx-
tranolationa to show tho critiznl Hac:k numier of t2o com-
bination nzd of tho vodw alono. Tho wvarintion vwiita Kreh
numd2r of tke critical prorsuro cooerfficiext P,,., 3ko
Prossvro ccofficicnt corrosrondires to tho loecal cittalnront
of sonle vclocity, 1z also showm ir Figure 9, Figuro 19
shows the resultes of the srensi*ion neasurereatc, and in
filgure 11l tke Zorce-iteat regulss, for Pernolda nunbnrs
ranging from 4,000,307 to0 20,000,000, azd the corresncnd-
ing E wvalues of 0.10 t9o $.67 are “iven.

The regults of 4re t:asts of thn inlei oranicis wiith
tke lniet elr exrausting tihrcushr tho exterrcl-bicwer sys—
tem arc precentod iz Tiguarcs 12 te 21, Filgvre 1P ghors
the pressure diastrivaticac eboul %29 ithreo inlet ovnoninzs
for verious wvaluer of v/7 (r~tlo of raenn inlot veiocitz
to stream veloeciiy) cerpared wiitir the sireemline Icdr dis-
tribmtion, Cnly tae ferward gasrtcr of tre tod;- io renro-
gscatod becavsa tle Hrescarer o701 Sho rourirder of S
bodr wers ecrextielliyx unatleciel hrr she i:lct onmeoninge.

In figure 15 tha mressrre Qistrlbutions oz tho Hcdiss wisa
noscs A, B, a1d C ani cn She ghrrarline »odr are coancred’
et tho coniition 0f zero 2= et Tlow ana 2% & fiow coolTi-
clent cf 72.057, a Treectisewlec 2isr-zaced vilte. Tae irlet-—
velozitw» ratlos corrasnsonilrng %e +thig Tlow coafricient ars
anproxicaiely .20, 3.40, oré J.%0, rerocaiivelyr, Too

rosas 4, 3, andl G,

The dreg ald tho treasitisan resilts o%winincd arn cor-
related in fizure 14, Pig-re LF chovws tiao Ffrnz-"cren data
ontalrcd with Sronelslon a~3ifinlzll- Fixod acar t23 lesd—
ing cézo oF tZo necgons ec comporad wish that of ths stroer—
lino vcdy witih %renspitlicn wixzei 2t co~reanending locasiona.
The dra3 onitcinzé fram a1 woln curvers is rlso 2oi%cd on
figure 15.

in She corraletior o2 tha areasire Aistrldakion el
trke tronsition dnta, 1% was found tant for wvaliaes of AP
(fiz. 28) sreztar thar ansrexineselr N.2, Svomsisioa [r: 3,
14) occurrod a2t uze iloentiorn cf fle Or&-£UTO V3"iI, IZOT
lower valucs of 4P (Lilar rntce of ~ir inlet), exsSecr-—
give icminar toundary iorers existel ir smite o tas pres-

gsure peak,
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The effect of alr inflow (nose B) on- the boundary-
layer velocity profiles at two stations on the body is
shown in figure 17. )

In figure 18 the changes in pressure distribution ro-
sulting from modifications of the 1lip shape of nose inlet
B-~4 (one qf the intermediate shapes tested in developing
nose B) are Ziven, The force-test results obtalned with
these modifications showed that shaves (a) and (b) caused
very glight increasese in external drag; the cut-out, (c),
had no effect on the drag, Major changes in the intermal
duct emplored with nose C (fig. 19) had no measuradble ef-—
fects on elther the external pressure distribution or the
external drag,

Optimum noge shaves for arbitrary inlet-duct sizes.-
In order to make possibdle the derivation of optimunm nose
Profiles for inlet-opening slzes other than those investi~
gated, the three nose profiles tested were reduced to tiae
same length (measured from the L/4 station of the stream-
line body) and the same depth. The ordinates thus obtained
are 3lven in table II and plotted in figure 20, The marked
8lmilarity of the profiles plotted in this way suzgested
that optimum nose shapes for intermediate inlet-opening
sizes on the streamline bodr could be obtalned either by
interpolation or by the use of the mean of the three pro--
files of figure 20, The optimum nose longth as a function
of the inleot-opening diameter is Ilven in figure 21, Tho
actual noso-profile ordinates for a Zivrern inlot dlameter
are related to the nondimensional ordinates of figuro 20
and table IXI, as follows:

NI

SIS

where 1 1is obtained from figure 21.

or

Similarly,

7= (’i/4 - 3)

where yL/4 ls the ordinate of the stroamline body at the
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quartor-length station. If desired, the nose ordinates re-
ferred to the end and center line of the streamline vody
(as in table I) may be obtained from the relations:

- x',1 y_f, 4
+ and el +

L L L D
or :
2- (@) (o - 1) e
and " N
2e @) (o) 4

The results obtained in the tests of tiae outlet open-
ings with alr supplied dv the blower are shown in figures
22 to 26, TFigures 22 and 23 show the preesure and force=
test results.for outlets at the tail., Transition measure-
ments with the largest tail outlet showed that transition
ococurred at the same statlon as on the streamlins body
{fig. 10). The pressure distribdution obtained with the
. two annular outlets i3 shown in figure 24. Torce-test rew
sults for the 63-pearcent arnular outlet are given 1n flg-
ure 25, Transition measurements with the 2l-percent annu-
lar outlet showed that transltion occurred at the outlet
for all rates of flow. The S83-percent annular- outlet was.
about 0.14 L behind the most rearward position of the tran-
sltiom point dbut appeared to have a slight influsnce on
the transition location, displacing it somewhat toward the
tail as the flow rate was increasea..

Fiﬂure 26 shows a sketch of the probable outlet flow
conditions with tail outlet D angd with a su3fested im-
proved form of tall outlet.

Before the results of the inlet-outlet combination
tests are presented, figure 27 is %iven in order to show
+the relatively small internal drag occurring in the combiw
natlion tests. 4t high flow rates, whore no internal re-
slstance plate was required, this internal drag approached
gero whlle in the individual opening tests the internal
drag was several times the extornal dras of the bodw, The
external drag determinations in the combinatlon tests were
consequently more reliadble than in the teats of the singlo
openings,
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Flisgures 28 to 32 show the drag results obtained for
the- combinations of inlets-with three tall outlets. TFig-
ure 33 corpares the draz of the 63-percent annular outlet
with that of tell outlet 0 whon tested in conmdlnatlion with
nose R,

The pressure-distridution results odbtalned with the
conbinations are not shown because no congistent measur-~
eble Ilnterference effects occurred; that is, the outlets
had no appreciabla effects on tkhe pressures at the inlets
and vice veraa. Siullarly, the transition locations on
the combinetione weve the same ms 1ln the tests of the in-
lot openings alona.

In figure %4 the drag of the cee B rnd taill C combi-
nation 18 conmwmared with ~n estimato of the drag based on
tho tests of tlLe siigle uvrenings. Thke irag incremnonts
(avove the streenliue-ovnir dra®) duc to noee 3 and tall C
warc aidsd to the streqnlire-dcdy drag in nmaking the esti-
mate.

Tho rain incre:.ae in dra ¢ue to tie guans (tndle III)
occurred ot angles ¢f atieck other than =ero as a result
of nartl-l sevaration of the vmternrl flow a2t the top of
thn nose ne evjcencecd Y- the nresszure-distrivution plots
(£1g. 35). Iucrecaniug the rate os air inlet 2nd a benefi-
clial effect in reducing or proventines thilc sepnration,

The ¢mosth=barrel ccnnon had corsiderably less drag tknn
the nacline -jun (stotehnd in fin, 35). Dccroenges in the
longth of the barrol ex%erdias vervord tac rosc resaultcd
in aporeciadlo dray redactions. It has Heca fcund that
tan drag of n smooth-barrol =&un was conslder~blv rcduccd
by replacing tho shrrp edge at the muzzle of the gun with
a roundod ed3e of snall radius. It 1s corsidered llkely
that tho unfavorable effocts of tho Iuns would be soreo-—
what loss in the hizh Rornolds numocr (fixed transition)
condltiox than showr 1in toblo III, tocaune no drag wculd
result fron -disturbance of tiho laminar flow.

PRECISIOEK

] The accuracr of thae Lodr-dras determinations was some=—
. wha% impalred by the high Araf of the wing with fixed tran-
sition relative to the body drag, the effoctlve body dras
varying from about 0.5 to 0.3 of the wing drag. In the
tests of the lndividual openinss, additional sources of er-
ror were the leaka3ze of alr in the external ducts and pos-—
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81ble chrnges in the tunnel=-pressure grrdlent due to the
roroval or the additlion of nir to the tunnel stream. The
rorults obtalned with the iniet-outlet combdbinations, how-
over, are ovelisved fre: of these two sources of inaccuracy
because no alr wnc added or removed from tho tuanel and no
leskagn was likely dus to the absence of all external duct-
ing. A buorancy ccrroction of a»out 10 percent of the ef-
fectivo body dra3z was applied to all of the force-test
rosults.

The wa™e measvrements are mcre nanrly free of thege
gsourcaes of error trat affect the Torcne tests. Bvaluatlon
of the pozsible megniiude of the Craz-test orrors will bte
mede ir tihe dilscussion of the resaults,

The preclsior of reasurement of the rate of intoeranal
alr Tlow 1s considesred to be of o hizus enouzh order ‘so
that the extermnal dras detorminations are vractically un-
affected By t2e small error in obtaini:g the internal drasg,
except rossidly in tho case of the Ladividunl onerinzs tests
et tae hiliheast rates of air flow. OCalitrasions of the ven-
turl during the teosts showed excellent a3rcement.

The only sigrificant ascurces of error in the pressure
data are duo to the inaccuracy of flow measurenert and the
tunnol-wall effoects. The maximum nossible change in thre
Preesure ccefviclentos due toc the tunnel-wall efTects was
computed te bo orly about 5 percent. Possidle errors in
flow mensurement comld cause measurable chonges in pressure
coe’ficlentes only at the lewest inlet velocity ratios.

DISCUSSIOK

Streamlins Rodr

Pro~sure distritutior snd traansition.- The presence
of tke wing had a pronounced effect on the pressure dis-
tribution over the »ody (fig. 8)., The local velocitles
over th2 central nortion were increaced ard the penl-
pProssuroc polnt was moved forward. A4t low Reynolds numbers
the disturbances due to %he wing conirolled the location
of translition on the bvodr. (Sce skctch accomnarying fis,
10.) There was a rapld forward movement of the trarslition
point with Reynolds numder so that a2t the hlghest test
Reyrolds number trensition occurred consideradbly alead
of the ieadlng edge of the wing (fig. 10). If a similar
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forward movemont of transition with Reynolds number should
ocnur under flight conditlions, the extent of laminar rlow
obteinable at full=gcale Reynolds number would be slight.

of the veak-pressure coofficient on top of tho body (fig.
9) wes found to anree well with the theoretical wvariation
(obtained from reference 8), Exirapclations of the low-
snoed, veak-~negatlve pressure coefficleants to the critical
pressure coofflicient (at which the speed of sound is at-
tained locally) wore made nccordirg to the thoory. The
critlieal Mach numbur o7 the ctreamline body alonoe was thus
found to be 0,84 (fig. 9), which corresponds to 500 miles
ver hour et 20,000 feet (~12° F) in standard air. The
eritical epeod of a wiuig-hodyr comdbiration is consideradly
logs thanr that of elthar comnoreant, owing to the increase
in pea’t~regniive »recsures o1 the wing dve to the presence
o? the nody. (Sce roference 8.)

Erfecilve body drng.~ Fisure 11 shows the large dif-
farences 1n dres at low Zevanolds numbers Hetwanen tho Fflxed
and tho raturcl tr-nritlon conditiors. Caleculations dbased
oa flav-vlatve skin~fricition cociriclonts showod thet those
differonces nre wholliy uccounted Far br the chanzes in skin
frictlon on *%iic dodyr. Tle Iiffcronce docroasos with in-
croasin; Rovaolds numbor due to tac forwvard .ovemont of tho
transition molnt (Fig. 10). The riso in tho drag coeffi-
cient % tho high lach numbors is irndlcative of tho ap-
vrocching critical speold of tho wing-body conbdbination (ce-
tirated Mgypn = 0.56). Jomonrisoa of the rajnitudo of tae
low—-gpnud drus cocfificirnts with tho rosults ottained in
reforonce 5 Tor tho NACA 111 form indlcatod that tho flow
over the bolr was saticslfactory. Tulft zurveys corroborniod
this concluslon. It wno found, however, that ths addltion
of tho %ody to thn wing causod a local separation of tho
flow at theo tralling o130 of tho wing. The cffectlive drag
of thoe body was %tanrofore somrevhnt hishor than it would
have baen hnd a more 27ficient wing-vody juncturs teen em-
ployed.

Kose-~Inrlet Onenings

Preesure distridbution.- The nose-inlet shapes emvloyed
in this invostlization wcre develoned in a series of tests
in which tho noss chane and the longth for o siven inlet
slze wore progressivoly modified to obtain the nost satis-
factory drag and »nrecssuare-distribution characteristics. It
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was found that by taking alr into the body at sufficlent-
ly hizgh veclocitles, the high negatlive-prossure peak which
occurred over the noses at low flows couléd b2 #reatly re-
duced 1in nagaultude: for the smaller 1nlat sizec, thc poak
could be entirely elimiwated. Tais result has the obvi-
ous beaeficial effoet 0f freoatly increasing the critlcal
conpreasibllity svpocd walch, as in the case of NACA cowl-
in7 installations (refernnce 2), is €ennrclly fixod by

tho magaitude of tho peal:~ncgnatlve prossuros at the noso.
In additiocn, 1t was found that laminar doundary layers

a3 cxtonsivo as the onen with the streanline nose could do
obtainod. The desian odiccetives then ained at in devel-
o0pIing noses 3 end O, worn: to eliminato tho prezsure ponk
at as low an lrlet-velocity »ntio ns Donslbdle and to ob-
tain a unliform favoratvie vressuro 3rollont simllar to that
of the astreanline beody. Fisures L2{») ard () shrow thot
the desired rosults wer~ rcalevcd vhen the ialet~velocity
ratlos reachod or ocxceslied Q.7 or V.2 for rosoeg 3 nrd C,
rospectively. Extonsivo lamirar dnundary lavers (fig. 14)
were formed ever Dslore *he »necak was fullr elirinated,
with valucs of AP (fig., 15) as hizh as 0.2.

For thke largest inlet omerins, nose L, 1t was irpos-
s8ible entirel;” to olimiuate the preasurs peak, even with
iapracticelly kizh retos of ar iaict (fiz. 12(a)). The
veak wag Ireatly recuc-d at owraciizsal izlet volocltles dut
ligtle advaninfe luc to lrrlnor flow wast citainable (fig.
14).

Comperigon of tle pressurc distriduiion orf a ctrean=-
line body witlh those for theo tiiree nososa is urde in fiz-—
uro 13 at 2o Talue o the flow ccelflicieat corrcsnondinsg
to high-speced flizht conditloas and ot sero flow.

Critical spoegds.~ The criticnl hach numder correspond—
in7 to the prorsure pealk on the larsaest inlet ovening,
n0ne 4, at a praciical rate of ailr inlet (fiz. 13), is
0.64. Tith the smnller inlets, nosee 3 and J, no mnressure
poak occurred, and tho indicated local wvelocity increments
woro so cmall tkat the critical sneed of a fuselago cm—
Ploying these skavus would be detornined bty %the cockpit
enclosure or the wing-funelna4n junclurce: that is, the highe-
ost local veloclty vould occur nt sors molnt other thaa on
the roso.

External draz.~ Fi uro 14 showe tant the abtrunt de-
creasss in oxteranl-~araz coo’ficlent of nosas R and O nt
low ratos of flow occurrcd ns a consequence of the forma=-
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tion of extensive low~drag laminar boundary layers. This
phéroreaon did not ocecur with nose A because, aos dprovi-
ously discussed, the unfavorable prossure distribution
noar the nose precluded the possibility of apnpreciadle
lamirar flow. It wlll be notlced, however, that the drasg
of ncse A showcd a neneral decrease with increasin3 flow
cooefflclert as did the drags of noses B ard C cfter the
laminar boundnry layers had been formed. Similar decreas-
es occurred with transition fixed (fig. 15).

In order to shmad some 1lisht on the cause of the de-—
crease 1n drag with increasin® alr-inlet veloclty, partial
boundary~layer veloclty »rofiles were measured at two sta-
tiong, 0.15L and 0,35L, behlnd nose B with fixed transl-
tion for a wide rangec of inlet-Tlow ratios., The results
(fig. 17) showed & decronse in tha thicknoss of the turbu-
lent bouundary layer as the rate of slr-ianlet veloclty was
increased in snite of slight Qocreases in the veloclty
outside of the boundary leyer. Two conclusions may be
drarn from thle result:

(1) The lorses ovor the Zforward part of the nose
aro decreased #8 ~ir inlet ls 1ncroased.

(2) The s¥in frictlon over the maln part of tla Dbody
(to ths rear of tae 0.15L station) should in-
croass sllsgatly with air ialat.

From theo frag recults (fig. 15), it is cvident that
the decrecse in losces at tho neso moro than componsates
for the alight incrensee in skin friction dbdehind tho nosc
becauso an ovor-all decrense in external drazg with air in-
lot occurs,.

In rogard to tho mansnitudo of the external draz with
ailr lanlot, figure 14 shows that th: cxtornal drag with
no3os B and C wes roduced to lecs than thot of the stream-—
line body. Tor the fixod transition condition, the drag of
theso noses was approximately tho some as for the streaum-
linc body. Wit: nose 4 in both casos, tho drag wns consid-
erably higher. Tosts of tho tareo noses 1n combination
with tall outlot C (fiz. 22) shcwed about theo eame rela=
tive draz characteristicc as the tosts of tho singlo open—
ings. The fact that the extornal drag with tho openinis
docreansed to that of tho streanline body may bo accounted
for by tae fact that tho wotted area with the oponings is
sorncvhat less then for the streanmline body. In addition,
tho passage of air throuzh tho internal syrstom has an ef-
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fect on the nxtornagl flow similar to a docroase in the of-
fective thicknoes of the body.

Tho ualko-gurvoy rosulis (fig, 15) shew thet the rate-
of-dra3 decronse with air-inlet-flow coefricient wns nc-—
tunlly somewhnt less than inlicated by the force-=teast re-
sults., The exnzgiernted effect shouwr by ithe force datn 1o
belleved due to leanlags nrnd pnesidle canntes in the tunnele
Proscsure gradicnt ag air was reroved at t-o nore 2f tae
body. Hdnxinun leakaze would vecur wheros the nressure in
the duct syston wags the Zreatert nad mar occecount for part
of the maxinun discrepancy (7 nercart) votweon foree and
wake dra-ic o~curriuat at noro flow, vhero stagnstiorn proa-
sure exlgted in the Juctc. A% n Tlovw cnoficiont of about
0,11, the mean Efuct nressurcs, aad donecs lea%kase, reacheod
o ninlnun; at this weint the “nrce nnd wnle 3data azree
cliooely. At leasst frr the rante of flow covered in finsure
15, leakage alfects asvarcntly nrcdumianted over poscsidle
ca~nZes in the Ddroryancy narTect in exngieranting the reote of
dra® deecrcase with n~lr inlet.

Inloet—-ovenirg sige.—~ Tha nize of t2ce inlot opening in
an sctual lnstallatlon saculil be zoveraed »y considera-
tione of bPothr the oxteraal and internal flcw. In o con-
slderation of the ermicranl dr~s, it hns deren shown that
nose B, aithoush twice az larqe in area ar nnae 0, was
equrlly effective, co that eithnr ao0ne night e emvloyed,
devending cn %ar guantlty of alr flow roquirod, It has
alsn teen rcho/r that thoe cmeninsg mu~t ve desizzed for an
Inlot~velioclity ratlo of at lz2act 7.3 in oxfer to porrit
tan rose-»ressure pcal’ ;» be eiiminated. Iighnyr ialct ve-
locitieo vouvld be of rfoms henafit ecxiteraally.

Elzgh Inlni~velocltr ratlon arz detrinontrl to the
intornal-auet efficicney tecaune thny neczcersitate larsge
exnansions and ra%e tho Triction and btenl iosans aish. It
is erg3gagted in refercnens 9 that low inlet volocitios may
have an aZdltisnzcl adraniage to tha intornal rflcw in that
coaparatlvely larzo ecxpansions can be made cfflciently
poar tho inlet ewinz to trho natural uprencing of tho
stroarnliaoec at {hls moint,

Tke final ceomvrorisoc hetwucn the conflicsing recuire-
ments c¢f tae laternal and the external flows will devend
on the injernal srrarngement and the space availeble for
ductirg. 1In general, it 1s belicyeA that efficient instal-
lations incorporating noso 3B or O, should have inlet—
velocity ratios irn tlhe ranqe of C.% tc 0.86.
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' Dﬂxixn_iga_ni_nz_i_gm_nngg__xn i1les_for grbitrary.
inlet~ slges -(figs. 20 and 21).~ The method de-
gscribed under RESULTS for obtalning sultable nose~inlet
shapes for inlet slzes other than those tested, 1s obvi-
ously strictly applicable only to openings on the modified
111 body form. It 1s posaibdle, howaver, that the shapos
obtalned by this method could be applied with Zo0d results
where only the basioc forebody profile was similar to the
111 body form. 1In such cases the value of X and Y .
veed in obteining the actual nose ordinates would be some-
what arbitrery, and care must be exercised to avold
"stretching” the profiles beyond approximate geometric
simllarity to openinge of correeponding size on the 111
body. Of course, wherever possibdle, it would be prefer-

" able to use the nose B .or C profiles directly from the or-
dinates of table I, with the specified profile for -at least
" one-quarter of the fuselage length being maintalned.

Internal-duct shave near inlet opening.-~ The modifi-

" catlons of figure 19 consisted of a2 conicel expansion with
T a 109 included angle. a larze irregular expansion.formed .
by the cut~out for the inner cowl, and a gradual (4° equiv-
alent cone) annular expansion obtatned with the inner cowl,.
None of these changes had a measurable efrect on either
the external drag or the pressure distribution., Modifica-
tion (c) of figure 18 likewise had no effects. Hodifica-
tions (a) and (b) of figure 18, however, caused-slight

dreg increanses and disturbed tho oxternal pressures st the
nosc. Those latter modifications are equivalent to infe-
rior nose shapes corresponding to smaller inlet sizes than
the baslec nose B inlet, It will be observed that the
‘internal-duct shapes included both satisfactory and very
inefficlent dosigns ‘and that reither had any external ef-
fectes, provided the sige of the inlet was not altered.

‘The desirabdle characteristics of noses B and 0 prod-
ably could not be realized 1f a proveller were located in
" front of the opening because the presence of the hud or
spinner would alter the pressure distribution over the noses,
Locatlon of a tractor propeller some digtarnce behind the
inlot opening appears to offer some possibilitles althousgh
the laminar flow gains would be limited.

Angle of g tggg.- The -effect of lncrease in angle of
attack from 0° to 3.5° on the pressure dlstribution over
the top of nose B can be seer ir figure 35, A considera-
bly hisgher air-inlot-veloclty ratio is required.to reduce
the pressure peak at 3,5 angle of attack than at 0° angle
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of attacke JIn flight, the inlet-veloclty ratlo would au-
tomatically increase with angle-of-attack lncreases owing
to decreasses ir the flighi gpoed, 1f the onglne poawer were
assumed constant. Force-test data obtained with fixed
transition on a fuselage model employlng nose G (to be
vrublished) showed that the external drag:;, at an inlet-
veloclty ratio of 0.56, was practically constant over the
an%le-of-attack rance of 0° to 3.5°9, No data are avall-
able on the characteristics of the noses at 2izher angles
of attack.

- Qutlet Openinze

The ouftlet openings tested were not optimum shapes
arrived at by a seéries of tests, as were the inlet open=-
ings. As previously stated, they merely represented typ-
l1cal practice in the deslizn and the ‘construction of out—
lets. It became apparent during the course of the tests
that the openings had several undesiradle characteristics,
but it was not feasldle at the time to extend the inves=
tigation to include modifications. Further research em=-
brecing the improvements that susjested themselves in the
courge of thls lnvestization ias desiradle.

EPreesure distribvution.—~ The effect or the pressure
distrivution of alr flow from the outlets was generally
unfavorable. In the case of the annular outlets (fig., 24)
a nefatlive~pressure neak occurred at the higher flow rates,
owing to an effective thickening of the body due to the
flow of exhgust alr in the rear of the openinzs. In -some
cases the peak was sufficiently high to fix the critical
speed’ of the body.  The preossure disturbance at the.21-
percent outlet precipitated boundary-~laver transitlion at
all outlet velocities,

The stntic pressure at the taill outlets (fig., 22) be=
came more positive as the flow was increased. This effect
wag due to the fact that the streamlines of voth the in-
ternal and the external flows were converiing at the open=-
ing, resulting in considerable contraction of the flow in
the rear of the outlet. Thuse, about one-third of the to-
tal »nressuroc .(measured from Do) at the tall outlets was
ir the form of static nressure which, of course, increased
ag the flow raotip was ndvanced. The static pressure in
the intoernnol flow at the outlet Lended te bo conglderadly
more vosltive thar that of the extornal flow near the tail
outlet, Thée high outlot prossures aro belicved to have
cnusod local separatlion of the external flow near the taill
outlets,
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External Arag,~ The external dras with the oR-percent
- anmular outlet (fig. 25) at first decrensed as the flow
rate was advanced baceusce of the sliminatlion of the dead
alr in the wake of the -openinz, and then it increased
rapldly, prodadly because of the increasing skin frietion
over the vart of t2e bodv in the wake of the outlet,

Similar drag characterietics were exhiblited by the
tail outlats wherever velocity ratios +v/V, wup to 0.5 or
grenter, could te attainad, ms in the case of tails D and
P tested singly (fis. 23) and tails 5, O, 2nd E tested in
combination witk tho rose inlets (’igs. 28 to 31). The
rise in drag a* the higher flow rates in the comdianation
tests is chown concluecively in Ffizure 30 to be due to the,
tall outlots. When ccroared on ths vasis of tall-outlet-
velocity reptio (fig. TQ) instend o flow coefficlent (fig.
29(a)), shc drag obtsiroed with tkreo outlets of widely
difZerent e£lz0 whows closo alr-rmens. Tae drag lncroase
et the higher %all-nsutlet-veloclty rntioz 1le bellievod to
be due to local reparction of the oxteranal flow &s o re-
sult of t2e hish outict prossuruvs.

The tell outlets waro ruvarloer to t"e anwular out-
leta. A comparison ot t1221 € sith the $3-mercent annular
outint, i comdiratior wiivh rog~ B (Fig. °0) shows that in
splte c¢f a somoviat lergar aren the tall ovitlet had the
losnx» dre tarounshoat Hhe 1enze, pariicularly at the
righor ouwtlet vrioci“ies. 48 werld De oxoyccted, tho com=—
Darison wae ladcvendent of the locasion of boundary-layer
tranaition tecnure noither ovmcnirg hndéd aanv audpreciadle
e?fect on tre Srrmsition lcecetion,

Outlet-onoering dersign. - The outlet vaiocliy 1s not
erbltrcrr £ is tee Yulet velocity Hut 1s fixad dr the
Iatorral total-uressiare losres ard the precssure drop across
the system, Fren the stanrdroint of the internal drasg, 1t
i1s dosiraeble to -ava the ontlet total pressure as nearly
egual to thc frec—~sa%ronam tctal Dresaure an posaldble ao
that & minvlzum arcunt of encrgy will be 1loft ian the wake,
In well-wdenignes gystemsg, ihe internal toiocl-pressure
losges are onlv a fev porcert or the freo-rtrsam total
bPressure at high syeods., Urnder theose conditions, tanc 1deal
outlet total pressurv is amproachked and the internal drasg
e smalls The relaticn betwesn irternal total-nressure
loss ard the intornal drag was chown under RESULTS. The
ocutlet velccity at a $iven Fflight smecd 1s readily calcu-
lable from ostiratss of tho total-prersure losscs ard the
pressure idivop across the svetem. A contraction or aan cri-
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flce coeificient (ionendett on the outlet shape) should be
applled te the veloclity os conputed from tho vressure chor-
acterlstice. Witlh the tall outlets tesied, for oxmuple,

tho veloclty nt tho outlet was about 0.8 of the final vo-
locitye ¥For the anrular outlete, the cocfficient wee rough-
ly Cu.9. Faving thus obtrined the velocity at the outlet,
the sizo of the opening will depeni on the reaulred quan-—
tity of r~ir rlow.

The economy of wmassing exactly the required amount of
coollng alr tarouzh ths internal srstom at all flight
speeds, 1s generally auvnreclated. Variation in tae size of
the exit oponing 1~ the 1ncst efficiont method of control-
ling the rate of <low.

The shave of the opcninz is not critical &s for as the
interanl flov 1s concerned, nrcvided there nre no cxpan-
sions. Iut the preosent teats havo indicatcd that the ex=
tornal flow may ve sdvorcely afiscted i7 tho static pros-
sures are differoant from thosc of the mair strecam rnoar the
outlet. Tho rhapc of tle openiny, theveforo, should por-
mit the intornal air to exhaust A% the saro statlc pros-
sure as oxiats in the ~xtornnl flow anocar tho opeoninz., A
susgeated optimum tail-ovtlat chive is cketched i* figuare
26, rdd tho Tlow charactcrictics nre coipdarid witl: thase

ﬁi ting at ore of tho cutlets tested Tor t:o idaal Oltlet
cenditlon of freawstrear totzl pressuro ia ke oponin .
Tre ldcsiredi condi*loas at the oudlet arc th.:n:d in t"c
Dromoied oPering 1y climiaating the coriraztion of thae out-
loet “low. Dle iodired eutlot conditlong car to attoined

at ony ovilnl location tr malkin= ihe streamiine of boih
irterarl and external flows marallel,

The optimum shane for ~n annular-outlet openiry l1ls
not ee omviour as in the cese af than tall cutleta. Tt 1is
evilent from Zisure 24, however, tant the todr fairins in-
moedlatzly vehlind the outlot shorld Ve alSered to rodwco
tar thicliress rf the Podyr nnd trus te rTolieovo tlo thick-
onlrs c¢lfcet of tho outlet flow. Furthor rosocrech is roc-
omtriudad o drlermine in detall tho shanes regridred to
zivo tho nirvinur digturdbarce to tho static-ornasruro dis-
trivution. Outlot total pressrres ‘n tho ciygnlificant
rau-c, feom adout 75 to 1C0 porcont of atrcam total pros-
suroe, woulu bo of worincinal inpcrtance in guch en investle=
Zaticn,
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- In rezard to the relative merits of the annular and
the tall outlets for efficient internal systems, it 1s
probable that the optimum tail outlet will be superior to
the "beat possible annular outlet because the high-velocity
flow frem the annular openings will generally increase the
skin frietlon of the portion of the body in the wake of
the outlet.

Inlet-=0utlet Combinations

The combination tests (fizgs. 28 and 34) are of prin-
cipal interest in showing that the external drag of the
body with sultadle inlet and outlet oveninqgs of practica-
ble size was no higher than that of the basic streamline
form. This result was obtained at rates of internal air
flow sufflclent for cooling a radlal engine located at the
maximum fuselage section at moderate to high-sveed flight
conditions.

The variation of the rate of internal flow in the

‘combination tests was accomplished by means of varying

the Internal resistance. At the condition of maximum flow
attalnable with a siven outlet size, the internal losses
wore very snall and consequently the outlet conditions
closely avproached the ideal, The outlet velocities over
Approximately the higher 25 percent of the flow ranfe cov-
ered with each outlet correspond to probvadle high-speed
flizht outlet conditiona; at lower flow rates the internal-
reslstance lossesn were considersbly higher than would be
ercountered in vnresent practice. The actual magnitude of
the internal drag throughout the flow range coversed with
tall C 1is shown in figure 27.

The rise in draz at the higher flow rates has been
shown to be due to the unfavoradle outlet conditions at
the higher outlet velocities (fizg. 3J). It is belleved
that by improving the outlet design as suzzested in fisure
26, tho rise in drag at the high outlet velocities would
be eliminated.

It will be observed that the drag odtained for the
best combinations with fixed transition was, in gZeneral,
8lightly Zreater than for the streamlire body with transi-
tion fixed et the same station. The difference may be
entirely accounted for bdv the higher drag of the carborun—
dum strip iteelf when located at the nose of the inlet
openinzs, than when located in the thicker boundary layer
on the streamline vody. In addition, it should be remem-
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bered that the stations selected for fixing the transition
on the streamline body are entirely arbdltrary. Under ac-
tual fllght condltions, transition on the stiréamline dody
might ooccur somewhat ahead 6f the corresponding station on
the poses, owing to the greater length of the streamline
body. In-this.case, the drag of the streamline would be
relatively higher than in the present comparisons.

The drag of .the inlet openinzes in the presence of the
outlets, and vice versa, was conslderadly less than it was
when the openings were tested individuvally. (See fig. 34.)
A part of thle effect, partiocularly et low rates of inter-
nal flow, may be due to leaknge in the indlvidual tests,
as has previously been pointed out. Another contridbuting
factor of secondary importance mday be the difference in
the methods of restricting the internal flow; that is, the
roslistonee plates inserted near the inlet opening in the
combinetion tests (fig. 2) mar have hod somo small tendency
to affect the external flow. In general, however, 1t 1s,
reasonable to expoct that the openings, in combination,
would contribute 1ess drag than when tesied individually.

Ggmng;igon g_gg_gggg cowling.~ The results of refer-
ence 1 vprovlide a falr basis for comvarison of the inlet-

outlet. combinatiohs with the NAOA cowling. In the inves-
ti3ation cited the.best NACA cowling shave of reference 2
.was adanted in a tyvical fuselaze installation to the NACA
111 fuselage form. This-basic strsamline shape was olmost
identical with the body emplored in the present tests, and
the effective bYodr-draz cooefficlents with natural and fixed
transltion, 0,240 and 6,055, '‘respectively, were practically
equal to the corresvonding drag coefficients, 0,042 and
0.054, obtained in thils investigation. The flow and the
boundary-layer conditions on the vasic shapes employed were
oevidently gquite similar. The drags of the cowling with
fixed and natural transition as zZiven in reference 1, with
coolinzg air flow, were reduced about 5 percent to obtain
the external drag necessary to the ‘comnparison., The results,
teken at the same Mach number and at- verr nearly the same
Rovrolds number as in the present tests, are shown on each
of the flzgures givirg the results of ths comblration tests
(fizs. 28, 29, and-31) with the tail outlets.

. Tho conmblnations tested were aerodynamically superior
to the NACA cowling, particularly in the natural transi-
tion condition,. where the inlets B and c pernit extenslve
laninar flowe.
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Tho NACA cowling shape employed in the tests of ref-
eronce 1 was developed (reference 2) to have the highest
crltlcal speod, M,,. = 0.63, of eight typlcal cowling

shapes of the seme over-all dimensions. The critical
sponed of the body alone wlth the largest of the present
inlets, ncse A, was' M,, = 0,64 at a practical rate of

alr inlet (fig. 13). With the smaller inlets the critical
speed was advanced to Hyp ='0.84, the critical speed of

the basic 11l fuselage shape.
CONGLUSICHS

l. LXodification of a streamline vtody permitting air
inlet at the nose and ountlet at the tall can be accom-
Plighed vithout increaslins the external drag. Thus the
total drag cost of & nover-plarct installation in such a
body should ps calcunlable from connlderation of the inter-
nal esysten.

2. VWith practicedle rates of sir flow through sulta-
bly shaned none-inlet o»enlnzas, the local veloclty distri-
bution cin De made to asrproach closely that of the dasic
stroomline body; consequently, the critical compressidlli-
ty speed will be as high as that of the streamline body
and thre same favorndle laminar toundary-leyer flow condl-
tlons can be rcalisod.

3. Further research 1s necessary to determine in de-
tail the optimum outiet openins shapes that have bzen sug-
gested by the rerults of this Ilnvestizgation. It is pro-—-
Posed that outlet openinss should ve desi~tnad so that the
static pressure in the ianternal flow at the ouilst is the
same as the static pressure in the external flow in the
vicinity of the openinsg,

4, The internal—~duct shave noar an ialot of Zlven
slze had no avprociable effect on the extcrnal arag or
pressure digtribution.

6. The location of a smooth-barrel gun in the nose-
I1nlet opening caused no appreciable increase in drag at
low ankles of attack. Thoe muzzle of the Zun should be
s8lifghtly rounded, and tho length of barrel extondinsg be-~
yond the inlet should bo as sumall as possible .

Langley Momorial Aeronautical Laboratory,
FNational Advisory Commlittee for Aeronautics,
Langley Fleld, Va.
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TABLE I

Ordinates of Streamline 3ody and Nose Inlets

< L
— 1 je- — — . N
r— LA _—— ; >_L
iy |
I-:- /_—__/ &
SR —= .

Strenulisc hodr
e e e e S e
/L ! /R x/L r/R

0 | 3 1 n.r900 0.783
0125 | 190 i LFED0 052
.OnEC | .257 6009 .£98
.0500 ! 451 €500 .£20
07EQ «EZ6 . 7009 . 724
1000 .620 . 7500 612
-1500 742 .£000 491
.2C00 | .825 .8500 371
2500 858 .$009 .249
« 3000 .048 9500 .124
«35C0 .282 .9750 . 0624
. 40060 1.000 1.00600 0
.4500 1.0C0

|
D/L = 0.0
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+ PABLE I (Continued)

Nose B Nose C
x/L /R x/L v/R
0.0654 0.396 0.0U536 0.286
L0657 .408 .0540 .297
. 0660 <416 « 0543 . 304
NE34 .20 .0543 .310
. 0688 .25 .OEBD JAL?
L0574 JAR2 .QF57 .326]
.0682 439 .0564 .334
L0698 WABL .N578 .349¢
L0724 A2 .N593 Js581l) .
L0785 .L1% . 0607 «R751
.0668 .5560 . 06453 404 ;
,0973 580 .0G78 429
,10862 .60 0750 =73
.12024 .37 | .0B22 | .510
.1768 .706 I D984 S574
.1c54 .768 .1107 .626
..929 . 517 .1393 707
O0ER .807 L1678 Nrardoly
omoy .B%5 | .1966 .321!
.2E00 .598 | 0322 .375.
~ g 9]
IS Mttt B
= r/R = 0.014%Z r/R  0.2143.
/L = .76E3 1/1 .0536
/D = .3735 d/D = .2358D0™




TABLE II
(See fiz. 20)

Ordlnates for Deriving Optimum Nose Shaves for
Inlet Duct Sizes Other than Those Tested

31

x!/x =1/Y
d/D = 0,536 | a4/D = 0.379 ' i/D = 0.268 Mean

0 0.079 0.0% 0.027 0.034
. 005 .091 £ N7°¢ : . 039 .080
«0190 .119 .101 .039 .103
.020 .160 W15 : .123 .139
. 020 .192 .163 .152 -169
.050 .C47 .211 .204 .221
«C%5 3073 . 259 .258 .273
.100 .52 304 -303 .321
v150 1425 .C2 .292 .103
«200 501 . 148 .482 .470
+500 .603 555 574 577
«400 .879 .644 .664 .562
500 740 .721 740 o754
»600 .7938 .788 .804 797
800 v$02 18S9 £910 1904

1.000 1.000 1.000 1.000 1,000




TABLE III

Increase in Drag with Gun in Nose-Inlet Opening

¥y}
ro

nose 3B

(natural transition)

.50-caliber

machine gun

o] 2 Increase in Fuselage drasg

@ t/a v/V due to gun, psrcent

0 1.13 0 12.8

0 1.13 25 125

0 1.13 .50 10.5

0 .57 o} 9,6

0 0 0 2eb

1,5 1.13 0 21l.5

1.5 1.13 .25 15.1

1.5 1,13 .50 10.2

2.5 1.13 0 28,06

B35 1,13 .25 20.4

3,5 1.13 .50 7e2

35 «57 0 18.4

3.5 0 0 4,8
37-millimeter cannon (smooth barrel)

o Increase in fuselage dras

@ I/Q v/V due %o guan, percent

0 1.13 0 6.7

0 1.13 .25 4.3

0 1.13 .50 0

La5 1.13 0 11.5

1.5 1,13 .25 9.0

1.5 1,13 .50 0

3 a5 1,13 0 19.2

3.5 1.13 .25 2.1

LI 1,13 .50 C
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Figure 2. - Model

installed in 8-foot high-speed wind tunnel. Nose B.
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Figure 3. - Nose inlet openings compared with streamline nose.

Figure 4. Typical tail outlet opening.
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Figs.8,26.
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Figs.9,13.
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WACA Figs.32,33,34.
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NACA Fig.35.
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